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4 mL of dry acelomtrile were added, and the mixture was sUrred 
overnight Af&TfiltTation toremoveasmaUaiiiountof inso^^ 
solid. Ute raixtureiWas concentrated to dryness under reduced 
presflure. Theiesidual oil was redisaolved m 4 ofaMtomtnle, 
Ld with ice cc^lb^r aiG mL of methane^ waa B<WeA The nuxfeue 
^9 stirred for 1 min and aUowed to stand for 3 mvn^fore 
fUteriiw. After the mixture was washed with three S-nO. portioia 
of acetonitrile and dried under 'e^u^d preasure. 530 of 
product was obtained: NMR (Me^O-dJ « 1^ («. 12 H»^^^^^^ 
and CH3). 1.40-(l, 3 H. CHj). ai2 3 H. NCHp), 3,40-3 86 (m. 
9 H, 4 X NCHa Aid CH of SCH J. ^96 (d, 1 H, - M Hz. CH 



of SCH J. 4.40. 4.66 (AB. 2 H. =; 13 1^ ^^^^^4 ^2^^^ 
(m, 4 NCH,CH,P). 5.26 (d. 1 H. </ - 6 Hz. CIO. 5.93 (dd, 1 
H. J = 5 and 7 H2, CH), 6.68 (a. I H; ArU^5 <s 2 H. NH^. 7.^ 
<d. 1 H. J = 12 m. Ar). ass (s, 1 H. --CH-). 9-44 (d. 1 H. J - 
7 Hi, NH). 

Acknowledgment. We thank membera of o\ir Physical 
Chemistry Department for providing spectral data» espe- 
cially Mr. Gino Sasao who assieted in interpretation of 
NMR spectra. We gratefully acknowledge the asBistancc 
of Ms- BettyAnn Hedemua in preparing the manuscnpt. 



Synthesis of Halogen-Substituted l^S Benzothiazepine Derivatives and Their 
Vasodilating and Hypotensive Activities 

«. • T ^..^ M!v;t,iirrt Konda » Tomiki Hashiyama.* Hiaao Ot3uka,* Kaoru Takahashi, Mitsunori Gaino,* 

Omni, Chemistry Research Laboratory and Biotogicat Research Uborctory, Tanabe Seiyaku Co. Ltd., 2-2-SO. Katm^hx. 
Todo, Saitama 535, Japan. Received May IS. 1990 

t »--..vt to imnrnve the cffeclivwiesB and duraUon of the acllon rfdatiazeni (1). a l^beniotWazepine «^*w> 

in thtn^H^ for clinical evaluation as a cerebral vasodilating and anUhypertensive agent. 



Diltiazem (1)^ is a potent calcium channel blocker and 
haft been widely used as an effective antiangmal and 
antihypertensive agent' Our previous study^ on the 
structure-activity relationsWpa (SAR) of some 40 denw- 
tives of 1 made dear the effect of substituents at the 
positions 2» 3, and 5 and their stereochemical requirements 
for activity. The effect of substitution on the fused 
benzene ring of 1, however, remained uncertain, since only 
the 7-chloro derivative (2, X = 7-CU « OMe, R« = Ac. 
« - Mo) has been synthesized.^ In an attempt to 





DWazeni {2&, 3S) ( D 



(2) 



improve the effectiveness and duration of the action of 
diltiazem (1) and to gain further insijjit into the SAR, we 
introduced halogen substituents at the positions 6-9 of 1 
in the present study. Described herein are the synthesis 
as well as the vasodilating and anUhypertensive activities 
of this new series of derivatives (2), The SAR are also 
discussed. 
Chemistry 

The synthesis of cis-2'aryl-2,3-dihydro-3-hydroxy-1.5- 
benzothiazepin^(6tf>-one (6), a requisite intermediate for 
2. is shown in Scheme! Fusion of the halogen-substituted 
2-aminothiophenol 3 with the trarts-S-arylglycidic eater 4 

^Organic Chemistry Research Laboratory. 
> Biological Research Laboratory. 

■Present address: Department of Toxicology and Pharma- 
cology. Faculty of Pharmaceutical Scienccflt the University of 
Tokyo. 



at about 160 'C gave the cis lactam 5. This reaction in- 
volves cis opening of the oxiran ring of 4 by the thiol poup 
of 3 followed by intramolecular cydization to ghre the as 
lactam 5 piedominantiy. Although the yield was rather 
poor, this simplest method was mainly employed for the 
preliminary synthesis of 5 (Table I. method A). The un- 
wanted trans isomer 6 was isolated as a minor product m 
some cases (Table I, 6a,l),hJ). * *x 

The stereochemistry of these lactams (5 and 6) was 
deduced from the vicinal coupling constant between the 
methine protons at Cj and C» (about 6 Hz and 11 Hz for 
cis and trans isomers, respectively)* (Table 11). The re- 
action of 2-amino-3^hlorothiophenol (3a), beanng a sub- 
stituent ortho to the amino group, with the glycldic ester 
4a gave the intermediate amino ester 7e predominantly 
together with the Uctama (5a and 6a, Table I). More 
practically, the cis lactam 5 was prepared via the amino 
ester (7) (Scheme 1). Heating of 2-amino-6-chlorothK>- 
phenol (3c) with the glyddic esters 4a and 4b in a nonpolar 
solvent at lower temperature (65-130 **C) gave the threo 
amino esters 7a and 7b in moderate yield (Table IH, me- 
thod F). Alkaline hydrolysis of 7 gave the amino acid 10 
(Table IV» method I). 

Alternatively, the amino acids 10 and II were also ob- 
tained via the niUo esters 8 and 9. Recently, we reported 
that some Lewis acids, such as halides or carboxylates of 
tin or zinc, catalytically effect ready and highly stereose- 



(1) <a) Kugita. H.; looue. H.; Ikezaki. Konda, M.; T^eo. S. 
Chem. Pfiorm. Bull. 1971, 19. 596. (b) Inoue, H.; Tafceo. 8^ 
Kawatu, M.; Kugita, H. YakugtUtu Zasfhi 1973. 93, 7». (c) 
Abe. K.; Inoue, R; Nagao. T. Yakugaku Zawhi IBM, lOfi. 718. 

(2) (a) Yasue. Omole, Takiaawa, A.; N<ig»o, M. Cirtulatton 
Research 1983, 62. (SuppL 1). 147. (b) Kimura. R; Kwhida. 
H. CiVcu/otion 1981, 63. 844. 

(3) (a) Nagao. T.; Sato, M.; Nak^ima. H.; Kiyoinoto. A. Cftem. 
Pfinrrn: BulL 1973. 21. 92. (b) Nagao. T.; Sato. M.: Nak^ima, 

Kiyomoto. A, Jtpn, J. Pharmacol 1972. 22, 1. 

(4) Kugiia, H.; loouft, H.; IkczaW. M Konda, M.; Takco. a Chenu 
Pharm. Bull 1970, 18, 2284, 
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Scheme 1 



Inoue et 




a) X- W b) X-40. c) 
<j)X.m ©)X-SP. OX-B^ 



65-1 30» 
(Method F) 





C0i« 



^*V^ ( MsihodI :Y.h\ 
Jl^^^y^ \ MeftrodK:Y-0/ 



7:Y-H 
8;Y-0 



9:Y-0 



10:Y-H 
12:Y»0 



11:Y-H 
13:Y-0 



4 (MethodJ) 




SH 



14 



NOi a) X-5<^. b) 



Table 1. 7-Membered Lactams 5 and e 




compd 


X 




6-CI 


6a 


&-C1 


5b 


S-Cl 


6b 


d-Cl 


(4-)-Sb 


S-Cl 


(-)'5b 


8-a 










5e 




2S.3S-50 


9-Cl 






5t 


8-F 






5h 


&-F 


6b 




5) 


7.8-0, 


51 




6i 


8.9-a, 




7-C! 


*-)*5k 


7-CI 





fttereochemistcy 




OMe 


els 


226.5-230-6 


OMe 


Uons 


210-211 


OMe 


CIS 


230-232 


OMe 


trans 


183-185 


OMe 


ds 


239-241' 


OMe 


ds 


238-240^ 


SMe 


t\B 


215-217 


Me 


CIS 


195-196.5 


OMe 


ds 


249-262 


OMe 


da 


187-189» 


OMe 


CIS 


les-iay 


OMe 


ds 


215^218 


Me 


ds 


210-213 


OMe 


ds 


218-222 


OMe 


trans 


226-228 


OMe 


ds 


239-243 


OMe 


CIS 


207-209 


OMe 


trans 


244-249 


OMe 


cis 


225-227* 


OMe 


cts 


229-232' 



synthetic 
method 



D 
A 
A 
B 
A 
B 
A 

B 

B 

A 

B 

B 

D 

C 

c 

£ 

A 
A 
D 
A 
A 
A 
A 
A 
C 
C 



% 



recryst 
solvent^ 



48.0 
iBwr 
3.0 
80.3 
28.3** 
78.7 
3.9 
85.7 
85.0 
21.0 
84.0 
70.0 
48.5 
36.6 
36.8 
7X6 
15.4 
T3 
87.7 
4.6'" 
2.4 
19,4 
13.7 
2.7 
27.0 
28.7 



A 
B 

B 

C 
C 
D 
B 



P 
P 

G 
G 
D 

T> 
A 
A 
A 
B 
B 



foimula 



CuH„ClNOjS 

CieHuClNO^ 
CwHjiClNOsS 

CwHuClNOJS 

CtHuCKNOsS 

C,tHi4ClN0|$ 

C,eH„aN0A 

C,«H„ClNa,3 

Ci8HuClNQ,S 

Ci^HuClNO^ 
CieH,«ClNO,S 

C„H„FNO,$ 
Cj,H,4FN0aS 
C„H„FN0s3 

Ci6HiiCl,N0s$ 
CteHijCUNOjS 

Ch>HmC1N0^ 



Pr^a F ^ amieous Mrf)H: G « EtOH- "The trana lactam 6a and the amino ester 7e wew obtained in 3 0 and 16^ yIcl(U. '^P^jttwgy- 
-tS trans S 6b was obtained in 3.9% yield. -[aJ^o - 102- »MF). M«l% ;^2^0- (c - 1.06. I^f^L,; W^^Xi^^^^ 

la)»D ™5/r» (c 0.314, DMF>. ' [aJ«D -63-5' 0.287. DMF). ^The trans lactam $b and the ammo ester 7d were isolated in 2.4 and 



14.9% yields^ respectively. 
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5e.k 



,OMb 



(MefhodC) 




OpttcaHy active tsofnats 
of 5o.k 



Figure I, Stereoscopic view of (+)-2h maleale. 

lective cis opening of S-aTylglycidic esters with various 
thiophenolft.^ In the presence of a catalytic amount of 
zinc acetate, &- or 6-chloro-2-nilrotliiophenolfl (14a or 14b, 
respectively) smoothly reacted with the 3-(4-methoxy- 
phenyDglycidic ester 4a at room temperature, giving the 
three nitro esters 8a and 8b in good yield (Table V, method 
J). In the presence of NaHCO^, the erythro nitro ester 9a 
was obtained as a sole product by trans (H>ening of 4a 
(Table V).* The nitro esters 8 and 9 were converted to the 
amino acids 10 and 11 through the nitro acids 12 and 13 
(Table VI, method K) or the amino ester 7 (Table 111, 
method G), 

Cydodehydration of the amino adds 10 and 1 1 in boiung 
xylene gave the lactams 5 and 6 in good yield, respectively 
(Table I, method B). Treatment of the amino acid 10 with 
dicyclohexylcarbodiimide (DCC) and 1 hydroxybensto- 
triazole (HOBt) also effected cydizaUon to give the lactam 
5 (Table I, method E), Treatment of the amino ester 7 
with methylsulTinyl carbanion in dimethyl sulfoxide 
(DM80) easily gave the lactam 5 at room temperature 
(Table I, method D). 

For the synthesis of optically active isomers of 5b, optical 
resolution of the intermediate amino add IQa was effected 
with metibyl or D-(4*hydroxyphcnyl)glycinate (Table IV, 
method H>. More practically, the nitro add 12a could be 
resolved into its enantiomers via diastereoisomeric salts 
of L'lysine (Table VI, method L). Alternatively, optical 
resolution of the lactams 5e and 5k was achieved by con- 
verting them into their diastereoisomeric esters with an 
optically active acid. Acylation of the 3-OH group of $e 
or 5k with (S)-N-(2-naphthylsulfonyl)'2*pyrrolidine- 



(5) Hafthtyama, T.; Inoue, H.; Konda. M.; Takeda, M. J, Chenu 
Soe., Perkin Trans. 1 IS84, 1725. 

(6) Hashiyama, T.; Inoue» H.; Takeda, M. J. Chem, Soc, Perkin 
Trans. J IM5» 421, 

(7) Inoue. H.; HD&hlyama, T Japan Kokai 1982. 57-17G951; Chem. 
Abstr. 1983.58, I25653v. 



Table II. Chemical Shift of the Methine Protons at C, and Ct 
and Their Vicinal Coupling Constant in cia and ttana Loctoma 5 





chemical shift 


coupling 


oompd 


C,-H 


CrH 


constant 




ds lactam 5 




£a 


5.06 


4.30 


7H» 


6b 


6,10 


4.37 


6H2 


Se 


5.10 


4*36 


6.6 Hs 


5d 


6.08 


4^4 


7Ha 


Se 


5.04 


4.30 


7Hx 


5r 


5.07 


4.31 


6Hs 


5g 


6.05 


4.30 


6Ht 


5b 


4.78 


4.3Z 


7 Hz 


5i 


6.09 


4.45 


7Hs 


5J 


6.06 


4.39 


7lfc 


(+)-5k 


5.06 


4.34 


6.5 Hz 




trans lactam 6 




ea 


4.41 


4.09 


10 Hi 


Sb 




4.30 (b) 


10 Hz 


6h 


4.36 


4.13 


6J 


4.43 


4.27 


13 H% 



carbonyl chloride® gave the ester 15 as a 1:1 mbtture of the 
diastereoisomers, which could be easily separated by 
column chromati^aphy (Scheme 11, method C). Alkaline 
hydrolysis of eadi diastereoisomer gave levo- and dextro- 
rotatory isomers of the lactams Se and 5k* Alkylation oi 
the lactams 5 and 6 with 2-(dialky1amino)ethyl chloride 
m the presence of KaCOa in acetone* (Table Vll, method 
M) or in the presence of KOH in DMSO (Table VII, me- 
thod N) gave the amino alcohol 16 (Scheme HI). N Al- 
kylation of the monomethyl derivative 17^** gave Uie JV- 

(8) Wada, H.; Ishii. K.; Tminiagari, N.; MatBUo. M; Matfiumoto. 
M. Japan Kokai 1984, 6^76051; Chem, Abttr. 1984. WU 
151603d. ^ _ , 

(9) Gaino. M.; lijhna, 1; Niahimoto. S.; Ikeda, K.; Puj'il, T. Japan 
Kokai 1983, 68-99471; Chem. Abstr. 19S3, 99. 176819v. 
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Table HI. Thyeo Amino Esters 7 



Inoue ei al 




CnHiflClNO^S 
CitHwONOiS 



A i Vrfi; B - AcOEt-n-bexane; C - EtOH. 'See footnote j in 
T»ble IV. Amino Carboxylic Acida IB and 11 



Table I. * See footnoU c in Table 1. 



compd 


X 




lOa 




OMe 




6-Cl 


OMe 


l-VlOa 


5-Cl 


OMe 


10b 
10c 
lU 


6-Cl 
6-Cl 
5-CI 


Me 

OMe 

OMe 



stereoisomer 



ayntbet(e 
method 



yield* 
% 



recry&t 
solvent* 



formula 



threo 

threo 

threo 

threo 
threo 
erythro 



I 
G 
H 
G 
H 
C 
I 
1 
G 



97^ 
78.8 

90,4 
36,6* 
7a2 
9a5 
94.6 
65.6 



189-191 

176-177 

175-176 

184-185 
108-110 
l&fr-198.6 



A C„HwClN04S 

B CiftHi^lNO^S 

B CiftHnClNO^S 

c c2hi/?in04S.v»h,o 



*A = 

DMF), 



DMF-EtOH; B = MeOH; C 



Tabl«V, Nitro EsteiB 8 and 9 



ooropd yj R' Bterewsomer 



fltalyst 



reaction condittona 



yield. 



recryst 
Bolvent^ 



formula 



8a 5-C1 OMe 
8b 6-Cl OMe 
da S-CI OMe 



threo 
three 
erythro 



Zn<OAc)j-2HjO* toluene, room temp, 3 h 
Zn(OAc)r2HiO toluene, room temp, 3 h 
KaHCOa EtOH- CuHft, room temp, 4 b 



71.6 
76.7 
60.0 



141-143 

110-111.6 

164-166 



A 
B 

C 



C^ieClNO^ 
CitHhONO^ 



yields of 60.0, 66,4, and 64.2%, rwecUvely. 
alkyl-N-roethylamino derivatives iea,o4J) (Tabte VII. 

"'^^wai^ acylaUon or alkylation of the 3-OH group of 16 
with acid anhydrides (method Q>. acyl haUdes m pyndme 
(method R), n-butyl isocyanate (method S), or alkylatog 
agents (methods T and U) gave 2 with vanous oxygenated 
funcUons (Table VIII). ^ j - ^. 

The absolute stereochemistry of the B-diloro derivative 
(+)-2b, the most interesting compound of this series, 
proved to be 25,3S, by X-ray crystaUographic analysis of 



<10) Nakomura. S.; Sogawa. Y.; Ito, Y.; Ohtauka, Oaino. M.; 
I„oue.H.;0haahi.M.;Takalcbi.O. J.FftarnMco(wodynamw« 
iJapan). submitted for publication. 



its maleate (Figure 1). When compared witii d^tiaiem 
(1) or (+)-2bt optically active isomers of the &<htoro tte- 
iivatives 6e, 16^, and 2cc showed unusually BmaU v^u^ 
of spedHc rotation- The absolute stereochemjstry of 6e 
and 2cc was established by comparing their ORD curv^ 
wth those of the c»rrespanding 8<hk>ro derivatives 5I> ana 
2b and 1 (Figure 2}." Dextrorotatory ecnes of tiie com- 
STda uVvlb. (+Ub, 1, and Wf) -^u^^^J 
around 245 nm and shallow trough around 225 nm. The 
completely reversed ORD curves were observed for the 

(11) CD apeclroacopic data of I were reported by B, l^i/^'I'^lf 
et aUKojte-Prodic, B.; RuxMyTorot. Z^: Sunjic, V.; Decorte, 
B.; Moimas, F, Helv. Chxm. Atta. 19S4, 67, 916. 
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compd 


X 




(+)-l2a 


5-Cl 


is 


<->-12ft 


S-CI 


OMe 


t3a 


5-Cl 


OMe 



stereotaomftr 




iiip,*C 



recryst 
Bohrent 



formula 



threo 
thieo 

threo 

eryUuro 



82,4* 
37.7* 

30.0^ 

87.6" 



183-186 
93-97* 

92-97' 
123-126 
216-220 



MeOH 
i-PrOH 
MeOU 
i-PrOH 
MeOH 
MeOH 



. -Method K- *MethodL. 
calcd» 3.16; foimd, 3.68. 

Sohsme Ul 



{Method H.M) 



C«HmCINO,S 
Ci,HuCINO^-i-PrOH 

c«Hua^f043 

CoHwCINOsS-i-PrOH' 

0,672, CHCIj), 'N; 




corresponding levorotatory iBomexs (Table IX and Figure 
2) These observations indicate that the absolute config- 
uration of dcxtro- and levorotetory isomers are 25,35, and 
2fi,3J?, respectively. 
Structure-Activity Kelatlonship 

The compounds listed in Tables VII and VUI were 
tested for their effects on vertebral blood flow 0(BF m 
anesthetized dogs and coronary blood flow (CBF) in iso- 
lated guinea pig hearts and their antihypertensive activity 
in SHR* 

The date for VBF (Table X and XI) are given in terms 
of the potency ratio te the effect of diltiazem after mtr- 
aarterial administration. Half duration Gn minutes) means 
the duration of onfr-half of maximum change in blood now. 
Table X and XI also give the date for CBF. The effects 
are expressed as if the increase in CBF is less than 0.5 
mL/min at a dose of 100 Mg/heart The increase by more 
than 0.5 mL/min at the dose of 100, 30, 10. and 3 i^g/heart 
is expressed as *'++\ and r^spec^ 

tively. The data for hypotensive activity are given as a 
decrease in blood pressure after oral administration of the 
test compound at the dose of 30 mg/kg. 
Effect on Vertebral Blood Flow 

EffecU of the halogen substituente on the fused benzene 
ring of diltiazem (1) are summarized in Tablet X. 

Introduction of a chloro substituent at the »-position of 
I confers increased activity with longer duration of action 
((4-)-2b). The activity of the 7-Cl ((+)*21l) and 9-Cl 
((+)-2cc) derivatives is comparable to that of I. In spite 




Figure 2. ORD spectra of 1,5-boniotWazeplne derivative*. 



of being racemic modifications, the B^a (2a) wid 7,8^ 
(2ii) derivatives exhibit moderate activity. The fluoio (Zda 
and 2U) and 8;9-C?la (2kk) substitution result in a decrease 
in activity. Generally, the 3-OH derivatives are less potra* 
than the corresponding aoetoxy derivatives, except for the 
9-a and 8,9-Cl2 derivatives (2cc vs I6m and 2kk vb I6q). 
Duration of the action of the 3-OAc derivative, however, 
is usually longer than that of the 3^0H derivaUvea. 
Therefore, when compared the total increase m Wood flow, 

which Is calculated by multiplying the poteticy raUo 
(maximum increase) by half duration, the 3-OAc deriva- 
tives (2cc and 2kk) are more potent than the a)n- 
geners I6m and 16a. The 2,3-trans isomer of the 8-Cl 
derivative (2w) and the levorotatory Isomers of 2I>, 2c . 
and 211 are only marginally active. The importance of 
2S,3S stereochemistry in this series of derivatives has 
already been reported* 
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TM^ Vn. 6.AlkyIatea.l,5-ben.othia.epm.4(6lf)^na Derivative* 



Incite et at 




(-)-ieg 

16b 

(+).16l 

(+)-16j 

16k 
161 

16|D 

(+M6ro 

H-16m 

t€n 

160 

16p 

l€q 

(+>-l6r 
(-)-16r 



8-Cl 

8-a 

8-a 
8-a 

8-Cl 
8-Cl 

8- a 

SCI 

sa 

9- a 

9-Cl 
8-F 
9.F 

7.8^C1, 

7CI 
7-Cl 



OMe Et Et 
OMb H H 
OMe H H 
OMe Mo Bri 
OMe Me Bzl 
OMe Me Bzl 

OMe Me 

OMe Me 

SMe Me 
Me Me 
OMe Me 
OMe Me 
OMe Me 
OMe Me 
OMe Me 
OMe Me 
OMe Me 
OMe Me 
OMe Me 



Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 



isomer 


method 


"cie 


N 




N 


CIS 


M 




N 




M 


txanfi 


Irl 


ds 


P 




M 


CIS 


M 


ds 


P 




M 


de 


M 
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97,7 
65.9 
80.0 
84.0 
60.0 
86.0 
75.8 
24.6 
11.2 
72.6 
92.5 
9Z7 
77.0 

84.0 

72.7 

84.0 

75.4 

76.0 

875 

74.7 

90.2 

86.3 

45.7 

83.9 

86.7 



fumarflte* 

HO* 
oxalate 

Hao/ 
Hao/ 

futnaratc' 

HO" 

HCl 
free 

Ha 
Haor 

HaOa'* 

Ha 

HCl 

Ha 
Ha 

freebas©^ 
free baa*« 



146-147.5 

164-157 

155-158 

170-173 

161-163 dec 

161-163 dec 

136.5-138.6 

195-198 dec 
218-221 dec 
141-142 
228-230 dec 
190-192 
190-192 
197-198 
202-205 
232.5-234 dec 
230-233 dec 

92-94 

92-94 



A 
A 
A 
P 
F 
F 

A 
A 
B 
B 
B 
E 
E 
G 
H 
E 
1 
J 



CaH„aN,0i3-HaO4 
CjaHnClNjOiSHBr 

CHxiClN/J^-CiHiO* 
cSHiIciNP,S»Ha*V»H^ 

c»Ntog«a.'>^^ 

C^ziClN^jS-VAHA 
Cj»H^N,OxS-Ha04 

c«H„aN,o^Hao4 

C«H«aN»OjS^4H404 

CaH„aNAS*Ha 

CaoH^lNjOA'Ha 

C»H«aN,083 

CjoHriaN,OjS-HaH,0 

c5iSaN,o,sHao4yAO 
c3J3aN,O8gHa0rV4H,o 

CsoHwFNjOVS-Ha 



" mA ~ p^n^-Ft B = AcOEt-rt-hexanet C - EtOH-CHClr-EtjO; D " CiH«; E 
• ojJvu M^H-i^O- J o Ac^ M«]*p-^l«-»' " 1.00,MeOH) 



C«H»PN^HC1 

Ca,HoCIN,0,S 

CalHgClNAS 

MeOH- F ■> EtOH; O « i-PrOH-EtOH-Bm); H " 



»a: caicd. 2Z26; found, 22.90. 



In view of the good activity of the 8-Cl derivative (2b), 
the effect of modifying tlie subBUtwnts at the 2 3. and 
5 position was further examined (Table XI). With regard 
to the effect of the length of the 3-acyloxy B«>^ ^ ac- 
tivity, maximum activity is seen in the acetoxy ana 
propionyloxy (2d) derivaUves. Gradual d^^ease m acU^^ 
is observed with the lower (2c) or higher (2e and 2f) 
analogues. The methoxy (2m), carbamate (2g), carbonate 
(2h), and various benzoyl (21-^1) derivatives exhibit de- 
creased activity. i. • ok 
When the dimethylamino group m the side chain ot ^to 
IB replaced by larger amino groups (2o-t0. a sienificant 
decrease in potency n observed, ()nly the ™ethylallyl. 
amino derivative (2r) exhibits good potency with short 
duration of action. . ♦ ^ . ■ * *, 
Replacement of the 4-MeO group m the 2^phenyl moiety 
of 2b with McS (2bb) and Me (2x) groups results in a 
considerable decrease in activity. 
Effect on Coronary Blood Flov(r . 

The most effective compounds in this test are (+);2e, 
(+)^2f. (+)-2cc, (±)-2hh» and (+^2?. They increase CBF 
by more than 0.5 mL/min even at the dose of 3 ;ig/heart. 



No dear relationships are observed between the effects <m 
CBF and VBF (Tables X and XI). 
Hypotensive Effect in SHR 

Some of the compounds showed interesting effects on 
VBF and CBF were tested for their hypotensive activity 
in SHR (Table Xll). The hypotensive activity of ^e 
compounds is roughly parallel with their effect on VBF. 
Thus, the 3-acyloxy derivatives ((•f)-2b, <+);2cc, (+)-20j 
(+)-2c, and (+)*2d) with strong increasing effect on VB* 
(Tables X and XI) exhibit long-lasting and potent hypo- 
tensive action. The most active compound m tlus series, 
(+)-2b, was found to be 3 or 4 times as potent as ddtiazcanj 
The corresponding carbinola ((+)-lGb, (±)-SCd, and 
{+)-16m) of these o-acyl derivatives exliibit much-reduced 
activity. CJompounds (+)-2m, 2dd, and 2ii show good 
activity in spite of their moderate effert <>J\^/' 

As a consequence of the above SAR, 
acetoxy-8-chloro-5-l2-(dimethylamino)ethyl3.2.3^ihydro- 
2-(4-raethoxyphenyl)-l»5-benzothia2epin-4(5H)-oTie 
((+)-2b) was selected for furtlier study. The rnaleatc of 
(+).2b is currenUy under clinical trial as a cerebral vaso- 
dilating and antihypertensive agent under the code name 
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Synthesis of l^S-Benzothiatepine Derivatioes 

of TA-3090,'^ Some phannacological profUes of TA-3090 
have been reported in separate papers.^^ 
Experimental Section 

The leaction of the nitro- or aminothiophenok with glyddic 
ester was carried out under argon atmosphere. Melting points 
were determined on a Yamato melting point apparatus Model 
MP-12 end are uncorrected. Proton nudear magnelic resOTiance 
spectra (^H NMR) were obtained on JEOL PMX-60, Hitachi 
RH-90H. or JEOL FX'200 Bpectromeler. Chemical shifts are 
reported in parts per million (ppm) relative to tetramethylsilane 
{Me*Si: 0.0) as en internal standard. > , * 

Coupling constants (J) are reported in hertz (Hz), and s, d, t, 
q, m, and bs refer to singlet, doublet, tripfet, quartet, multiplet, 
and broad sbglet, respectively. Infrared spectra (IR) were re- 
corded on a Hitachi lR-215 spectrophotometer. ORD curves were 
recorded on a JASCO J-20A spectropolaifaneter at room tem* 
perature. The organic soluUona were dried over NajSO^, and d! 
evaporations were carried out in vacuo. Analytical data of the 
compounds listed in the tables are wthSn ±0.4% of the theoretical 

values unless otherwise noted, 

Malogen dubstUuUd Z-ArolnotWophenol <3). 4-Chloro-, 
e-cWoro-. 5,6-dlcWoro, 6,7-dichloro, and 6-fluoro.2-ammobenK>- 
thiazoles were prepared by the method described in the Btera- 
tures." 7-Fluoro-2-aininobenzothia2o]e was prepared by the 
acUon of potassium thiocyanate and bromine on m-flooroftnilino 
in the same manner reported in ref 14 in 72% yidd: mp 174-175 
*C (from i-PrOH); 'H NMR (CDCIi. 60 MHs) « 6.76 (dd. J = 9 
end 3 Hz. 1 H>, 7.11 (dd. J - U and 3 Hz, 1 H), 7^2 {% 2 H. NH^. 
7.63 (dd, J « 9 and 11 Hz, 1 H), Anal. (C^HjFN^S) C. N, S. 

A mixture of 2-animqbenzothiazole8 (60 g), sodium hydroxide 
(150 g), and water (300 mh) was heated under refluat for 15-24 
h under Ar atmosphere. The reaction mixture was dihited with 
ice-water. neuUallzed with dilute HCI under cooling to adjust 
pH 3-4, and extracted with toluene. The extracts were comlrined, 
washed with saturated aqueous NaCl, and concentrated to gWe 
the substituted 2-aminothiophenob as a yellow oil (X = 5-Cl 
(80-90%). 3-Cl (90%), 5-P (75.5%), 6-F (93.4%), 5,6-Cna (99.6%), 
and 4,6-Cl2 (92.9%), which were used for the next step without 

further purification. 

(±)-cij'8-Chloro-2,3.aihydro-3-hydiroxy-2-(4-mellioxy- 

phenyl)-l,5-beBzothlaJ5epln-4(5H)-oiie {5b)* Method A. A 
mixture of 2-amino^-chJorothiophenol (20.3 g, 0.127 mol) and 
4a (26.4 g. ai29 mol) was heated at 160 for 16 K After cooling, 
the reaction mixture was triturated with small amount of EtOH 
and recrystaUized from AcOEt^-r^hexane to give 11.3 g of the cis 
lactam 5b, mp 230-232 'C, 

The mother liquor was concentrated, dissolved in AcOEt, 
washed with 10% HCI and water, dried, and concentrated. The 
re»dual oil was separated by silica gel column chromat<^aphy 
(eluted with CHCI3). Prom the first eluate, additional amount 
of 5b (770 mg) was obtained (total yield, 28.3%); IR (Nujol) 33Ba 
3190, 3100, 1680 cm"*; ElMS m/z 335; »H NMR (DMSO-^^e. 90 
MHz) i 3.78 (8, 3 H), 5.10 (d, J « 6 Ht, 1 H, 2-H), 4.37 (t, J » 
6 H7. 1 H, 3-H), 4.83 (d. » 8 Hz, 2 H, Ar H), 7.2-7.7 (m, 5 H, 
At H). Anal. (CjeHi4ClN03S) C, H, N, CI. 

The trans lactam 6b (1.66 g, 33%), mp 183-185 'C (from 
AcOEt-n-hexane), was obtained from the second eluate: IR 
(Nujol) 3490, 3190. 3090, 1685 cm'*; EIMS m/z 335; >H NMR 
(DMSO-rfe. 90 MHz) 6 3.78 (s. 3 H). 4.30 (s, 2 H, 2,3-H), 6.86 (d, 
J « 8.6 Hz, 2 H. Ar H); 7.1-7.6 (m, 5 H, Ar H). Ana). (Cr 
H„ClNOjS) C, H, N, CI. 

CycUzatSon of the Amino Acid 10a. Method B. 



(12) The proposed INN is clentiazem. 

U3) Nwita, H.; Murata, S.; Yabana, H.; KiMowa, K.; Altimoto. Y.; 
Nagao, T. Ar2n€im^Fonch./Drug Fes, ISSA, 38, 515. Murata, 
S.; Kikkawa. K.; Yabana, H.; Nagao, T. Arxneim-FoncK/Drug 
Re», 1988, 38, 521. Kilclcawa, K.; Mursta. S.; Nagao, T. Arz- 
neim'ForscH./Druj! Bet. 1988, 38, 526. 

(14) For the 4-01 and 6-C] derivatives: MitaC, R. 1^; Jain, 3. K. J. 
Chem. Soc. (O ) 969,2148. Gupta, R. R.; Qpia, K. G.; Kumar. 
M. J. UeterfKyctic Chem. 1980, J 7, 1375. For the 5,6-CI, and 
6,7 -CI J derivatives: Alamino, R. J. j. HtterocycHc Chem. 1971, 
8, M9, FoT the B-F derivative: Papke, K.; Pohloudck-Fahirii, 
R, Pharmazie 1967, 22, 229. 
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«hreo-3-i(2-Amino-5-chlorophenyl)tbiol-2-hydioxy-3-(4-mcth- 
oxyphenyDpropionic acid (10a) (8.0 g, 22.6 mmol) was heated m 
xylene (600 mL) under reflux for 24 h. After cooling, the pre* 
cipitated needles were coUectedj washed with Bt20, and recrys- 
tallized from AcOEt-n-hexane to give 6.1 g (80.3%) of 5b, mp 
230-232 "a . ^ ^ ^ 

Optical Resolution of tlie Lactam 5a. Method C. (1) 
(3)-N-(2-Naphthyl8uUony))-2-pyrrdidinecarbonyl chloride^ (28,4 
g, 87.7 mmoO was added to a suspension of 5b (22.39 g, 66.7 mxnol) 
in pyridine (60 mL> at 5-16 °C, and the mixturo was stirred at 
room temperature for 18 h» ^ * 

After dilution of the mixture with AcOEt-CHCI, (1:1) and 
water, the organic layer was separated, washed with 10% HCI. 
water, aqueous 5% NaHCXJj, and water, successively, dried» and 
concentrated. The residual oil was separated by flash column 
chromatography (silica gel, eluted with CsHe-AcOEt (9:1)). 

From the first fraction, 2S35-15a (18,22 g. 43.9%) was obtained 
as an oil: (0!% -118.2* (c ° 0.326, CHCla); IR (film) 3300, 
3200-3000, 1745, 1690 cm'*; EIMS. m/z 622, 319, 317, 286, 284; 
'H NMR (CIX:is, 60 MHz) 5 1.2-^2.0 (m, 4 H), 3-12 (I, tf - 8 H», 
2 H), 3.78 (s, 3 H, OCHg), 4.23 (t, J = 6 Hz. 1 H), 4.76 (d, J « 
8 Hz, 1 H), 4.96 (d, J « 8 Ht, 1 H), 6.7-8.7 (m, 14 H). 

From the second fraction, 2/l,3i?-15a (17.01 g, 39.3%) was 
obtained: mp 106-123 'C (from benzene); (of)»*D+22.8' (c = 0.324, 
CHCM; IR (Nujol) 320(^*3000, 1760. 1680 cm*'; EIMS m/z 
319, 317, 286, 284; 'H NMR (CDCI3. 60 MHz) 5 1.5-1.9 (ro, 4 H), 
3.30 (m, 2 H), 3.79 (s, 3 H, OCHj), 4.20 (bt. 1 H), 5.22 (d, J 8 
Hz, 1 H). 6.26 (d, J « 8 Hz. 1 H). 6.8-8.7 (m, 14 H), AnaL 
(CaiH„ClN,063,-V2HaO)C,H,N.S,a . 

(ii) 2535- 15a (17.46 g, 28.02 ramrf) was hydrolyzsed by stsmng 
in a solution of K^, (41 g) in HaO-MeOH (1:2) (300 mL) at 
room temperature for 19 h. The reaction mixture was dihited 
with water, and the precipitated crystals were collected and re- 
crystallized from MeOH-HjO to give 7.85 g (83.4 7o) of 25,35-50: 
mp 187-189 **€; \ct\^T> 0* (c = 0576, DMF); IR (Nujol) 335(^ 3^ 
3100 (NIU OH), 1680, 1630, 1600 cm"*; *H NMR (DMSO-ds, 60 
MHz) 6 3.79 (8, 3 H, OCH J, 4.32 (bt, 1 H, 3.H), 4.88 (bd, J - 6 
Ha, 1 H. OH), 5.09 (d, J » 7 Hz, 1 H, 2-H). 08-7.6 (n». 7 H). Anal. 
(CifiHwClNOaS) C, H, N, S. a. 

2A,3i2-5e, mp 188-189 **C (from aqueous MeOH), was also 
obUined in 91.3% yield from 2R,a/J-16a ui the same manner 
described above: la]="D 0* (c « 0.275, DMF); IR and *H NMR 
(DMSO-dfl) spectra were superimposable over those of the 
2S,a5-5e. Anal. (C„H„C1N033) C, H, N, S, CI. 

(±)-c/*-9-Fluoro-2,3-dihydro-3-hydroxy-2-(4-melboxy- 
ph©nyl)-l,6-ben*othiazepln-4(6H)-one (5h). Method D. 
Under Ar atmosphere and ice cooling, a solution of the amino ester 
7d (3.0 g, 8.66 mmol) in DMSO (7 mL) was added to a sohition 
of dimethykuffinylcarbanion in DMSO (prepared from 63% NaH 
(dispersbn in mineral oO, 683 mg, 18 mmol) and DMSO (12 mL)). 
After beii« stirred at room temperature for 5 min, the reaction 
mixture was potired into a mixture of cracked ice arid AcOH (0.2 
mL) and the predp itated oystalft were collect ed and recrystaUized 
from DMF-EtOH to give 2.39 g (87.7%) of 5h: mp 218-222 *C; 
IR (Nujol) 3380. 3230, 1680 cm"'; NMR (DMSO-de* 6^ MHi) 

6 3.31 (s, 3 H, OCH3), 4.78 (d, ^ - 7 Hz, 1 H, 2-H), 4.32 (t, </ « 

7 Hz. I H, 3^H), 6,8-7.8 (m. 7 H). 4.7 (d, </ - 7 Hz, 1 H, OH). Anal. 
(Ci«Hi4FN03S)C,H,N,S,F. 

(2ii,3H)-9-Chloro-2,3-dihydro-3-hydroxy-2-(4-melhoxy. 
phcnyl)-l,5-benzothlazepln-4(5Zr)-ono (2K.3/f-5e). Method 
E. To a mixture of (-)-lOe'^ (600 mg. 1.70 mmol), HOBt (160 
mg). CHjClj (5 mL). and DMF (2 roL) was added DCC (550 mg, 
2.67 nunol), and the mixture was stirred at room temperature for 
18 h. Small amount of water was added to the reaction mixture 
and dlcyclohexyJurea was filtered off. The mother liquor was 
concentrated. The residual oil was dissolved in AcOEt, washed 
with 5% NaHCOa, dried, and concentraUd. The residue was 
recrystallized from aqueous MeOH to give 414 mg (72.6%) of 
2/?3/J-5e. mp 188-189 *C. 

Methyl l/r2'ei>-3-[(2'Amino<5-chlorophenyl)thlo)-2- 
hy drox y- 3* (4-met boxy phenyl) propionate (7a>. Method F. 
A mixture of 2-amijio-5-chIorotl^ophenDl (3c) (198 g, 1.24 mol) 

(15) (-)- 10c was obtained as a byproduct in hydrolysis of TR^H- 1 5a 
with 5% aqueous NaOH-McOH at room temperature. 
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Cnka^NASrHO^ 

i-PK)H 
CnHs^ONsO^S-HO-H^ 
C2tH,»aN^4S*Ha«HtO 
0bH„QN/>43-HCI-H^ 
CttH,aFN^43*HCl- 

C»H^^43^Ha 
C»H»PN/>i3^CW 
j-PtOH 



C«H»FN,OA 

VfCAO^sH^ 
CuHttFNiC' 

Cajfi^AS-HCI 



,0^2HiO» 



CWKMClftNAS-Ha 
C,^H:MCljNaO«8-HC)- 

C»H„aNtO;5.HCl 
CjaHa^ONjO^S-HCl 
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i^'oi^i:Siow'T-biAi; M -Ct calcd.l4.M; found, W.84. ►►S: «)ed. 6.44, found. W4. 



Table IX. ORD Deta for l>BeMothiaa;€pme Derivatives 15 X 
10-* mol in MeOH) 



compd 



diltiazem (1> 
(-)-lsomer of 1 

(-)-2b maleate 
(+)-2cc-HCm20 

H-2cc.HClH,0 

2S.3S.5e 

(X " H. R> 

(-HI 



iOM«> 



2W 

226 

343 

274 

214 

224 

243 

274 

216 

226 
• 247 

216 

226 

247 

217 

226 

246 

280 

217 

226 

246 

280 

227 

249 

275 

227 

249 

275 

223 

243 

270 

223 

243 

270 



+45300 
-32900 
+162600 
-4X00 
-51000 
+30600 
-163300 
+6800 
+20100 
"46900 
+198400 
-22700 
+46&00 
-199600 
-12300 
-^300 
+166000 
-22600 
+11900 
+60700 
-176000 
+23100 
-100 000 
+166000 
M9100 
+101000 
-170000 
+18900 
-69400 
+164000 
+6900 
+70300 
-161000 
-6460 



and 4a (2BS g, 1.24 mol) in toluene (1.9 L) was stirred at 80 
for 24 h and cooled. The predpitated needlea were collected and 
recrvBtalUzed fttntt i-PrgO to give 276 g (60.5%) of 7a: mp 131-132 

MHz) 5^62 (9. 3 M, OCH,), 3.77 (a. 3 H, OCH3). 4.49 (m. 2 H 
methinc H). 6.6-7.8 7 H). Anal. (C„HuClNO,S) C. H, N, 
S CI. 

' Methyl three -3-[(2- AmSno-6-chlorophenynthlo]-2- 
hydroxy-3-(4'ittethoxypheiiyl>proploiiatc (7c). Method G, 
The threo nitro ester <8b) (62 g, 0.166 mol) was hydrogenated m 
AcOH (500 mU and EtOH (500 mL) in the presence of W% J*d-C 
(7.0 g) under ordinary pressure at room temperature for 11 h. The 
reacstion mixture was worked up m the usual manner to give 51.74 
It (90 2%) of 7c: mp 114-116 "C; IR (Nujol) 3500. 3325, 3200. 
1745 cm-'; »H NMR (CDCl,, 90 MHz) « 3.53 (b, 3 H. OCHj), 3^ 
(a. 3 H, OCHa). 4.58 (bs, 4 H, 2-H. OH, NHa)» 4.82 (d, J = 3 Hr. 
1 H. 3-H), 6.85 (d, ^ « 9 Hn, 2 H). 7.49 (d, ^ = 9 Hi, 2 H). 6.»-7.6 
(ro,3H). AnaL (C„H,8CIN04S) C, H. N, S» Q. ^ ^„ ^ 
Optical Resolution of the Amino Acid lOa. Method H. A 
solution of 97% KOH (10.7 ai91 mol) in MeOH (100 mt) was 
added to a soluUon of metl^l i^(4*hydKacyph«nyl)glycinate hy- 
drochloride (41.66 g, ai9l mol) in MeOH (1.4 L) under ico cooling 
and KCl was filtered off. The amino acid l»a (40 g. 0.113 mol) 
was added to the filtrate, and the mixture was conoentrated below 
SO "C. The residw was dihitcd with EtOH (200 ml-) and allowed 
to stand at 4 "C. The precipitated needles were collected and 
washed with a 8malJ amount of cold EtOH. The needlea were 
dissolved in EtOH (1 L> at 70 'C, concentrated below 60 *»C until 
the volume of the solution became about 260 mL, and the pre- 



cipitated crystob were collected. This recrystafliiation procedura 
was repeated again to give (+)-i0a methyl v(4-hydrow- 
phenyDglycinate salt (28.42 g, 47,0%): mp 166-171 »C; |<k1»o 
+310.7* (c « 0.360, DMFl: IR (Nujol) 333^ 3280, 2800-2200, 1735, 
1610 cm''. Anal. (CieH^aClNO^AHiiNOa) C, H N, O.^ 

The salt (62.63 g, 117 mmol) was (Kasolved in 10% HQ (100 
mU and dauted with water (IL). The predpitaled white needles 
were collected and recrystalUaed from MeOH to give 33.32 g 
(80.6%) of (+)-10a: mp 176-177 •C; [a]^^ +336.6» (c « om 
DMF), +320* (c = 0.730, MeOH); IR (Nujol) 3620» 3460, 3350, 
1730, 1680, 1610 cm-^ 'H NMR (DMSO-dlQ) 6 3-71 («, 3 H, OCHj), 
4,29 (d, J « 6.7 H*, I H), 4.36 (d, J - 5.7 Hz, 1 H), 6.6-7.3 (m, 
^ H). ^ 
The mother liquors of the salt of (+)-10a were combined, 
concentrated, and made acidk in the same manner aa described 
abovet. Fractional rcciystallixation of the pceapitates from MeOH 
gave (-)UOfl (29.94 g, 36.6%): mp 176-176 'C; (ot)»D -335.6% 
(c = 0.411, DMF) and (±)-10a (13.1 g, mp 189-191 °C). IR and 
NMR spectra of (-)-lOa were superimposaWe over those of 

^^Hydrolysis of the Amino Eater 7a. Method!, Amixluro 
of the amino ester 7« (332 g, 0.903 moJ), 5% aqueous NaOH (3.3 
L), and EtOH (3.3 L) was atirred at room temperature for 3 h 
and neuUaliied with dUute HCl (pH 4-5), and the crystalline 
product was filtered. RecrystalUxation from DMF-EtOH gave 
312.8 g (97.9%) of lOa: mp 189-191 'C; IR (Nujol) 3290. 
2800-2200. 1610, 1580, 1560, 1510 era-*; 'H NMR (DMSO^e, M 
MHa) 6 3.71 (5, 3 H. OCH3), 4.29 (d. J « 6.3 Hx. 1 H), 4 36 (d. 
J « 6.3 Hz, 1 H), &6-7.3 (m, 7 H). Anal. (CifcHieClNO^S) C, H. 
N S CI 

Methyl threo -3-[(5-Chloro-2-nitrophenyl)thlol-2- 
hyaroxy-3-(4-methoxyphe»yl)propH>nate (8a), Method J< 4« 
(2.38 K. 11^ mmol) was added to a mixture of 5-chloro-2*mtro- 
thiophsnol" (1.68 g, a97 mmol) and Zn(OAc)r2HiO (30 mg. 0.137 
mmol) in toluene (17 mL). The reaction mixture was stirjed ft 
room temperature for 3 hand concentrated. The residual TOUd 
was washed with i-Ptfi and recrystallized fh>m CeHg-i-r^aP ^ 
idve 2.56 R ai.5%) of 8a: mp 141-143 •C as yellow needlea; IR 
3490, 1720 cm-^; »H NMR (CDCla, 60 MHr) * 3.28 (d^jT 
« 5 Hi, OH), 3.77 (s, 6 H, OCH^, 4.59 (dd, = 3 and 6 Hi, 2-H), 
4.69 (d. tf « 3 Ha, I H, 3-H), 6.84 (d. - 9 Hz, 2 H), 7.43 (d, J 
- 9 Hz, 2 H), 7.96 (d, •f « 9 Hz, 1 H), 7.0-7.5 (m, 2 H). Anal 

(ChHibCinOsS) c, h, n, s, a 

Hydrolysis of the Nltro Kster 8a, Method K, A mixture 
of the nitro ester 8a (22.0 g. 55.3 mmol), 10% NaOH (120 mL), 
and MeOH (400 mL) was sUrred at room temperatwe for 8 h. 
The reaction mixture was acidified with concentrated HCl and 
filtered. Recrystallization frwn MeOH ^ve 17 49 g (8^4 %)of 
12a: mp 183-186 as yeOow plates; IR (Nujol) 3540, 330O-20()0, 
1720, 1610, 1590 cm-»; NMR (DMSO-d^^ 90 MHz) « 3.72 (s, 
3 H, OCH5), 4,35 (d, J = 6 Hz, 1 H). 4.97 (d, J - 6 Hi, 1 H), 6-87 
(d, J » 9 fe, 2 H), 7.46 (d, if - 9 Hz, 2 H), 7.3-7,7 (m, 2 H), 8.06 
(d!j-d.8Hz,lH). Anal. (CvcHuCINOeS) C, H, N, S, CL 
OpUcal Resolution of 12a. Method L. (i) t-Lysine mono- 
hydrochloride (3.65 g, 21 mmol) and a solution of KOH (1.18 g, 
21 mmol) in MeOH (21 mL) were added successively to a Bohition 
of the nitro acid 12a (8.04 g; 20.95 mmoD in MeOH (110 mU und« 
ice cooling. The precipitated yellow needles were collected and 

116) SimUarly, when methyl p-(4-hydT0iyphcnyl)glyctnate was 
used, H-IOa'roethyl D-(4-hydroxyphenyl)glycInate salt (mp 
166-171 'C (from EtOH); («J»i, -316.5* (c « 1.34, DMF)) was 
obtained. Anal. (C«H„C1N048<3.H,.N0,) C, H. N, CI. 

(17) Bourdais, J. France Patent 1443917/66; Chem, Abatr. 1967, 66, 
37933V, Battistini, P.; Broni. P.; Fava, G. Gazatta Chimica 
Italiana 1080. 110, 301. 
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/nouc €t fli. 




coxnpd 



increase In vertebral blood flow 
in anesthetized doga (ia> N " 2-6) 
potency ratio' half auratioiw^ min 



increase in coronary 
blood flow in isoUtod 
guinea plgbearf 



2a 
2b 

(+)-2b 
H-2b 
2w 
2oc 

<+).2cc 
H.2CC 
2dd 
2U 

2iJ 
2kk 

H-2n 

16b 

(+)-l6b 
H-I6b 
16m 

<+)-l€m 

<-)-16m 

IGn 

Ido 

I6p 

16g 

(+).|6r 
dilUozem 



6-Cl 
8-Cl 
8-CI 

6- a 

8- CI 

9- a 

8-F 
9'F 

7.8- Cl, 

8.9- Clj 

7- CI 

7- a 

6-CI 

8- CI 
8^C1 
8^Cl 

9- CI 
9-Cl 
9-Cl 
8-F 
9.F 

8.9-Clj 

7.C1 

H 



Ac 



_ . »,i«^n«ar 'ThaincreflfieinCBPbynwMrethan 0.6 mL/rofa at the doea 



0.62 

1.15 

1.7 

0.06 

0.01 

0,76 

0.83 

0.06 

0.37 

0.34 

0.51 

0.36 

0.93 
0.03 
0.20 
0.76 
0.94 
0.02 
0.91 
1.25 
0-02 
0.37 
0.14 
0.29 
0.62 
0.17 
1.00 



69 
69 
36 
31 
72 
74 
22 
71 
43 
63 
156 
29 
12 
33 
39 
46 
23 
52 
46 
21 
40 
33 
36 
80 
24 
63 



-H--I- 
+++ 



++-»- 
++-♦•+ 

++ 
-»•+ 
+++ 



++ 

+++ 
+++ 

++-1- 
++-»- 



•Diltiflzem - 1. ^Duration of a half of the 
of 100. 30, 10. and 3 ,tg/he«rt is expresaed as 
of 100 /ig/hcort. 

recryatalliied from DMF-H,0 (1:1) tmce to f^^^^ «J|^6^^> 
ofW-lZal^lysineBalt: mp 244-246 '^C. AnaL (C^HaClNaOa^) 

^'iTle^mother liquors were combined, concentrated, «Jjd attw^ed 
to st^d at room temperature. The precipitatcj^f 
r^i^talli^ed from DMF-H,0 U> give 3.61 ^^^^^^ ^ 
(-).l2aL-lysine salt, mp 229-232 "a AnaL (Cj^mCINjP^) C. 

"'a?) (+)42a t-lyaJne salt (4.29 g, 8.09 mmol) was «MP;^«<>,j° 
waur (100 mL). acidified wltl, dilute HCI. and extiad*d w^^ 
CHCl,. The exUacta were combined, washed with water, toe^ 
andcSncentrated. The residue was recryatalU^d ft^ 
to give 3.61 g (97.8%) of (+)-12a; mp 93-97 ^C; [«rD+^58L7 
rr « 0 708 CHCK); IR (Nujol) 340O, 1660 cm'^; NMR 

I iri AQft M ^ » 5 3 Ht. 1 H). 6.87 (d, J » 8.8 Hz, 2 H), 7^7.7 
\^Am%mA,J = iSHA (Crfl„ClNO^-PK)H) 

^''SimU^y.^JZ- <™P 92-9' lal^p -165.6" (c = 0.B72. 
CHCui) w« obtained in 92.6% y!eM from H-12a lAys,^^ 
AnXX*(^Wfii f^^) C. H. N. S. Q: N: Calcd. 3.16; 

{5H^^K«e l(+)-lW^ Method M. Amfactoreof (+);5b (20g.ra.66 
mmol). 2.(Smethylanuno)e»hyl chloride hydrochloride (9.4 6 66.26 
mmol). KXO, (24.7 g, 178.8 mraol). acetone (600 mL). and H»0 
^rUwci^tirred vilorously under reflux for 17 b. After cool^ 
norgonic compounds were filtered off «>d the filtrate wascon- 
centrated. The residual oil was triturated ^^^''^'jP^'^x t 
c^tallLd from AcOEt-n-hexane to give 22.37 g (9^%) 
(?^lSb• mp 122-124 "C: («)% +14 1-8° i<= = M«0">: 



(Nufel) 3400-2800 (broad), 1675, 1«10 cn>-«; fSMS m/g 406s »H 
^0 («. 2 H). 3.4-4.7 («. 3 H). 4j88 (d. J - 7 Hj. 1 

Si%&4°(^a7"D>W). A«L (C«H«*aNAS)C.H.N, 
S Cli C: Calcd, 68.17; found, 52.72. . ^„ 

MrthodN. A ml«lu«. of (+)-6b (1.60 g. 4.47 

(574 M 4.82 mmol) In DMSO (25 mL) was stiired under 
teSf^nTz-SthytantoojetMcMo^ 
^08mg;4-91 mmol) wa. added to the reacthm mafair» undet 

h, poured onto cracted ice, and e-^"?*? 4?? 
extracts were combined and extmted with 10% HO. T** 

aqueous layer waa made *>o»^?^*l!^^»:^.^*!^^ 
AcOEt. The estracta were combined, waahed with mt(v, <mea, 
a^^centrated. The »e'»Mu«l ~»d wj» .■•e^D.zed frtnn 
EtOAo-n-hexane to give 1.38 g (73.1%) of (+)-l«J. 

(+).cis-5.I2.(iV-Allyl-W-methyIairfBo)ethyll-8^loro- 

tWa«eDln-4(5ir)Kme «+) l«). Method P. A motoue of 

itcO. (1.0 g,r^ mmol). end IJMF (lO »D waa sttaed at room 
teSSat^o^ighl- A^EtClOOmU-mlHplSOmUwwe 
add°d to the reaction mixture, and AcOBtl«wwas ~^^ 
washed with water, dried, and concentrated. TterealAwUflW 
converted into the fu«arete «jd Tocryst^^ 
to rive 822 mg (77%) of (+)-t6l: mp "6.5-1305 'C. l-f^"!^ 
(c VT.OO. MiOH): m (NvOol) 3M«. \68^ IWO cm N^m 
tmn 90 MHi) * 2.16 (8. 3 H, NCHJ, 3.76 (s. 3 H, OCHd, 4^1 

S^7Tm"Hxl:9od^^ 

Hi 2 H. CHi--CH-CH,), 4.BS^i.20 (m. 2 H. -CH^^ , 5.4-^ 8 (m. 
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increase m vertebral blood 
flow in onesthetbted dogs 



compd 



(+).2b 

(+).2c 

(+).2d 

(+)-2e 

(+)-2f 

2g 

2b 

21 

(+>-2* 
21 

(+)-2iii 
(+)-2n 
2o 

(+)-2o 
24 

(+)-2r 
(+)-2u 
(+).l6b 

IGe 

(+)-Hf 
(+)-l61 
(+Vt6j 
2x 

2y 

2z 

2aa 

161 

(+)-2p 

l€k 

2bb 

2dd 

2ee 

2ff 

2?g 

2hh 



X 








OMe 


Ac 


CI 




CHO 


CI 


XJDflV 


COBt 


r*! 

Lrl 


\JW10 


COn-Pr 




OMe 


COn^Bu 


CI 


OMb 


CONHn-Bu 


CJ 


OMe 


COjEt 


CI 


OMe 


4-N0,B*' 


CI 


OMe 


4-N0r2-ClBz 


CI 


OMe 


4-MeBz 


CI 


OMe 


Me 


CI 


OMe 


4-N0^2f 


CI 


OMe 


Ac 


CI 


OMe 


Ac 


CI 


OMe 


Ac 


CI 


OMe 


Ac 


a 


OMe 


Ac 


Cl 


OMe 


H 


Cl 


OMe 


H 


Cl 


OMe 


H 


Cl 


OMe 


H 


Cl 


OMe 


H 


Cl 


OMe 


H 


a 


Me 


Ac 


a 


Me 




Cl 


Me 


4N0r2-ClBi 


Cl 


Me 


4d'2-N0aBi 


Cl 


Me 


H 


Cl 


OMe 


Me 


Cl 


SMe 


H 


Cl 


SMe 


Ac 


F 


OMe 


Ac 


F 


OMe 


CONHfjBu 


P 


OMe 


COjEt 


P 


OMe 


4-N02BZ 


F 


OMe 


4-MeBt 





R* 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Mo 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Et 


Me 


Et 


Me 


fi-Pr 


Me 


CHjCH=-CH, 


Et 


Et 


Mb 


Me 


Me 


Et 


Me 


r»-Pr 


Et 


Et 


Me 


CHiCH^H, 


Me 


CH/XJH 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Et 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 


Me 



potency 
rattcP 


nail 
dufaticHOt^ ttun 


1.7 


69 


0.73 


44 


1.45 


64 


0.80 


4t 


0,67 


42 


0^1 


76 


0.2& 


44 


0.05 


75 


O-OS 


iia 


0.33 


140 


0^ 


47 


0.58 




0.74 


60 


0.90 


46 


0.50 


47 


1.00 


37 


0-65 


48 


ao4 


46 


0.28 


38 


0.24 


35 


0.32 


31 


0.23 


34 


0.06 


28 


0.37 


61 


0.08 


B4 


O.OS 


156 


0.02 


140 


0.52 


31 


O.G0 


41 


0.09 


35 


0.21 


37 


0.3r7 


71 


0.16 


58 


0.16 


33 


0.35 


48 


0.26 


62 



increaee in cororiaty 
blood flow in uobited 
guinea pig hearth 



+++ 

++ 

+++ 

++++ 

++++ 

+++ 



NT* 
+++ 
NT 



+++ 

NT 

+ 



NT 

NT 

NT 

NT 

NT 

NT 

NT 

++++ 

+ 

+ 

+++ 



++++ 



"See footnote a 



in Table X, ^See footnote b in Table X . *See footnote c in Table X. -Bi » benzoyl; Brf « ber,^- 'Not 



I H -CH--), 6.86 <d. J « M H«, 2 H), 7.33 {d, J » 8v8 Hi. 2 
H), 7.3-7!8 (m. 3 H). Anal. IC^^CINO^^H^O*) C. a K S. 

^'(+).ci*-3-Acetoxy-8.chloro.5-[2-(dlmethylaitilno)ethyl)- 
2i.dlhydro.2-(4.methoxyphenyl>;l^.benMthla^^^^^ 
(5H) one ((+>-2b). Method Q. A mixture of (+)-16b (W.47 g, 
134 mmol), Ac^O (545 mL), and pyridine (5.6 mL> was heated 
at 100 *C for 4 h and concentrated. The residual ofl wa» co«v0T™ 
Into the maleate and lecrystiiUized from EtOH to give 122.9 g 
(5a9%) of (+).2b maleate: mp ieO.S-161.5 ^C; W% +76^' 1« 
= 1 (»/ MeOH); IR (Nujol) 2700-2100* 1765, 1685, 1610 cm'^ 

3 H, COCH;). 2,90 (a. 6 H. NCH,). 3.4 {u^ HK 3.82 (a, 3 H. 
OOW 4.3 (m? 2 H). 5.03 (d. J - 7.8 Hr, 1 H), 6.09 (d, J « 7.8 
H)^ 6 ^^(^^^^ H malelc acid). 6.90 (d. J - 8.8 Hx 2 7i!5 
(d/j "$.8 Hz. 2 H). 7.37 (d, J - 8.7 Hz, 1 H). 7.64 (dd. Jj 
and 2.2 Hz, 1 H), 7.72 (d, J « 2.2 Hz. 1 H). AnaL (CwHjtta- 
N.04&C4H404>C,H,N.a,S. ^ 

(^^c/?-8-ChIoro-5.l2-<dimBlbylamino>ethyl)-2.Mlhydro^ 
2-(4-methoxyphonyl)-3-(valeryloxy)-l,5-bexizrthiazepliij4- 
(5H>-one ((+>-2f>. Method R. To a solution of (+)-l6b (900 
nig, 2.21 mmol) in pyridine (I mL) was added valeryl chloride 
(300 mg 2,49 mmol) under ice cooling. The mixture wbs a Urred 



at room temperature for 3 h and concentrated. The r^dual oO 
was wked up in the usud nuomer and converted into two 
to give 1,22 g (94.8%) of W'2t oxalate: mp ^67-169 *C O&rwn 
^OH): laR +5a4- (c - 0.328. MeOH); IR im^] 28^-2200. 

3H. OH,). 1.0-1.8 (m, 4 H. CH,). 2.15 (N «^ ^ « Hf» CH^» 

(8.6aNCH3).3.81(8,3H.OCH,)A06(s^2H.^an^^ 

(i J - 8.7 Hz, 2 H), 7J5-7.8 (nt. 5 H). Anal. (CaHaiClN A- 

SAHa04)C,H.N»S,CI. „ vi triLMi 

diVIt(n-Bntylarolno)ca^bo1lyl}oxy^8-cMoro^l^^^^ 
metllylamino)ethyl^2,3^1^rdro-^(4-lDetboxy^ 
benxotblarepln^(5H)^ne((±);2jt>. Method S A mixtoe 
of (±)-l€b (920 mg, 2.26 rnrnoD, n-butyl isocyanat© (674 mg, ft80 
mmol), Et,N (I drop), and benzene (16 mU) was Iw^^^d uato 
refhix for 44 h and concentrated. ^^JS^tJ?^ 
the hydrochloride and recrystallfzed from CHClrEtOH-BWO to 
rive 106 s (8^) of (±).2g.HCl: mp 142-144 dec; IR (NiOoI> 

toM^Z H, CH3);i.a-1.6 (m, 4 H. CH J 2.^ <a, 6 H NCHg, 
3.82 (ft, 3 H, OCH3), 5.07 (a. 2 H, 2- and 3""). 6.91 (d, J -8 m, 
2 H), 7.3-7.6 (m, 5 H). AnaL (CwHa/^lN^^S-HCl) C, H^O. 

(+>-cis-84:hloro-5-[2'(dimethylamlno)(8Uiyl3'2^1iydr«- 
3.mcthoxy^2-(4-methoxyphenyl)-1.5-benzothlazepln-4- 
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Table XI I. Hypotensive Activity In SHR 

change in blood pressure 
(A minHg) at the dose of 
30 mg/kg {N « 3-6): 
a period of time after doaing 



connpa 


T h 
1 u 


4 h 


16b 


"31.7 


-26.0 


C+)-I6b 


-13^ 


-51.7 


(-)-l6b 


+1.0 


-20 


16d 


-21.3 


"39.3 


I6e 


-20.0 


-27.3 


(+M6m 


-40.7 


-30.0 


2a 


-22.0 


-13.7 


(^-)-2b 


-86.0 


-68.0 


(-)-2b 


-6.0 


-22.7 


(+)-2c 


-60.0 


-7Z7« 


(+)-2a 


-67.7 


-60.7* 




-30.0 


-28.0 


(+)-2f 


"46.0 


-39.0 


(+)-2ni 


-76.8 


-56.5* 


(+)-2a 


-n.5 


-8.8* 


(+)-2o 


-55.5 


-22.3* 


2q 


-lao 


-9.0 


(+)-2r 


-29.0 


-17.0* 


(+)-2cc 


-73.7 


-54.3 


2dd 


-64.0 


-50.0 


2U 


-39.0 


-60.3 


diltiazera 


-34.0 


-15.0 



"At the doae of 100 mg/kg. *5 h after dosing. 



(5H}-one «+)'2ia). Method T. NaH (60% » dispersion in 
mineral oil, 590 mg, 14.75 mmol) was added to a solution of 
(+)-l$b (4.0 g, 9.83 mmol) in toluene (50 mL) and DMSO (2 niL) 
under ice cooling. After the mixture was stirred at 30-40 "C for 
30 rninp Me3S04 (1.36 g» 10.86 mmol) was added to the mixt\n-e 
under ice cooling and the mi^iture was stirred at 50-60 °0 for 4.5 
h, diluted with water, and extracted with AcOEt. Theoxtracts 
were combined, washed with water, dried, and oonoentnited. The 
residual oil was converted into the hydrochloride and reoyatalUzed 
fVom MeOH-EtiO to give 2.77 g (61.5%) of (+>-2m hydrocWoride: 
mp 245-248 'C; [a]»o +60.7" (c - 0.287, MeOH); IR (NujoJ) 
2700-2200, 1680 cm''; "H NMR (DMSO-rf^, 90 MHz) 6 2.79 («. 
6 H, NCHj). 3.08 (a. 3 H. OCH^, 3.75 (a. 3 H, OCHj), 4.03 (d. 
J « 7 Hz. 1 H, 3.H), 5.14 (d. = 7 Hz, 1 H, 2-H)» 6.85 (d, J = 
8 Hz, 2 H), 7.33 (d» J « 8 Hz, 2 H), 7.5-7.9 (m, 3 H). Anal. 
(CaiHsftCINsOaS-HCl) C, H, N, S, CI. 

(+>'Cfo-843hloro<5-[2-(dimeUiylam]Do)etliyl]-2,3-diliydro- 
2-(4-methoxyphenyl)-3-[(4-iiitrobenzyl)oxy]-l,5*l)enzo- 
thiazep)ii-4(5jEr) one ((•t>)'2n>. Method U. A mixture of (+)*16b 
(3.6 g, 8.8S mmol) and 63% NaH (337 mg, 8.85 mmt^) in toluene 
(30 mL) was warmed at 40 **C for 30 min. Then, a solution of 
4-mtrobenzyl bromide (1.92 g, 8.85 mmol) in tohiene (30 mL) was 
added to the reaction mixture at room temperature. After 2 h 
of stirring, concentrated NH4OH (30 mL) was added to the re* 
actioa mixture and the mixture was stirred at room temperature 
for 1 h, diluted with AcOEt, washed with 10% HQ, water, 10% 
K1CO3, and water, successively, dried, and concentrated. The 
residual oil was separated by column chromatography (dKca gel, 
eluted with 2.5% MeOH-CHCy. Conversion of the first eluate 
into the oxalate and recrystallization from i-PrOH-EtOH gave 
1.05 g (17%) of (+)-2n oxalate: mp 99.5-109 **C; [orl^o -16.9» 
(c 0.630, McOH); IR (Nujol) 3480, 2700-2150, 1725, 1660 cm"*; 

NMR (CDClj, free base) $ 2.26 (a, 6 H, NCHs), 3^1 (a, 3 H, 
OCHa), 4.17 (d, </ = 7 Hz. 1 H, 3-H). 4.28 (d, J ^ 12 Hz, 1 H, 
CH^Ar), 4.62 (d. ,/ « 12 Hz, 1 H, CH5A1), 5.02 (d, J « 7 Hz, 1 H, 
2-H), 6.62-8.11 (m, 11 H). AnaL (C^HaaCINjOfiSAHiOi- 
VjEtOH-Vg-i-PrOH) C, H. N. S. CL 

Pharmacology. Effect 00 Vertebral Blood Plow in Aq- 
estheUzed Dogs. Male or female mongrel dogs were anesthe^zed 
with sodium pentobarbital (PB, 30*35 mg/kg, iv) and artincially 
ventilated. Throughout the experiment, PB (3-5 nag/kg per h) 
was continuously infused into femoral vein to keep anesthesia 
constant. Right vertebral artery was exposed, and the blood flow 
was measured by a electromagnetic flowmeter (MFV-2100 or 
MF-27; Nihon-Kohden. Tokyo, Japan). Test compounds and 
diltiozem dissolved in saline were directiy administered into the 



I none et of. 

right vertebral artery via a canniiU inserted into the vertebral 
artery. 

From the vahzes of peak response, we obtiuned the dose-re* 
sponse curve. Increasing effect of the tested compounds on 
vertebral blood flow were expressed as the poten<y ratio to that 
of dilUazem calculated from the dose-response curves. 

Effect on Coronary Blood Flow in Isolated Gnlnett Pig 
Hearts, Isolated hearts f^om Hartley guinea pigs were perfijided 
Bocx>rding to LangendorH*8 method with modified Locke-Rlnger 
solution containing defibrinated rabbit bk)od (perfuaicni pressure; 
40 cm HA temperature of perfusate; 29 :fc 1 ^'O. Out flow of 
peritisate. Le. coronary blood flow, was measured by means of a 
drop counter method. Test compounds were dissolved in saline 
and administered into aortic cannida. If coronary blood flow 
increased by 0.5 mL/min or more at doses of 3, 10, 30, and 100 
/ig/heart, we Judged the response was *++++", "+++", *■!■+" and 
respectively. If coronary blood flow mcreased less than 0.5 
mL/min at 100 fig/heairt. we judged the response was 

Hypoienaive Action in SHR. Male spontaneous hyper- 
tensive rats (SHR) wWch had been fasted for 20 h previously were 
used. Blood pressure was measured by means of a tail-cuCf method 
in conscious staU. Test compounds dissolved in delonlzed water 
were administered orally. Hypotensive action was expressed in 
terms of changing vahie of blood pressure from predosbg value 
at 1 and 4 h, and/or 1 and 5 h after the dosing. 

X^ray CrystallogrnphSc Analysis. The diffioction expeH- 
ment was carried out with use of a colorless transparent prism 
with dimension of 0.5 X 0.2 X 0.2 mm^ The four-drcle diCfrao- 
tometer (APC/5, RIGAKU) was used with graphite-mono- 
chromated Cu Via radiation (X » 1.6418 A), The unit cell di- 
mensions were determined from angular setting of 25 reflections 
(20 values in the range of 30-60^). Hie crystal data are as foDows: 
CajH^NjO^CtCAO*; MW = 665.04; a = ia883 (1), 6 « 23.798 
(2), c « ia5G7 (1) A; ° 2734.2 (4) k\ oxtkorhombic; space group 
P2t2,2ji; 2 - 4; D, = 1.372 g/cm; f(006) - 1184; ^*(0u Ka) - 7.323 
cm'*. 

Three dimensional intensity data were measured by a^2tf scan 
technique {2B < 130*^), Unique reflectx>ns (2653) were measured, 
of which 2466 with (FJ ^ 2.67ir(f) were considered as observed. 
No absorption corrections were applied. 

Analysis. The structure was solved by the direct methods mth 
use of MULTAN so.^ The refinement of atomic parametera wue 
carried out with use of block-diagonal matrix least-squares 
methods with anisotropic temperature factors for the non-hy- 
drogen aUwns. AH hydrogen atoms were located on the diflerenoe 
Fourier maps and refined with isotropic temperature factors. 

Throughout the refinement, the function Y>^Ji " was 
minimized. 

During the final refinement stage, the weighting sdieme of V IV 
° l/ff(/y was used. The final H value was 0.045 (R, - 0.055). 
Apmax = 0.2 e/A^ 

The atomic scattering factors were taken from IntermUional 
Tables for X-ray Cry$tallography,'* 

Absolute Cod Gyration, The absolute configuration was 
determined fay Bljvoet pairs method.^ structuie factors wm 
calculated including anomalous scattering factum of all atoms for 
Cu Ka radiation." The intensity data of the Bgvoet pairs, 
kt f) and (h, -k, 0» were measured predsely. in a right^umded set 
of coordinate axes. 

Figure 1 shows the stereoscopic view of tlie molecule drawn 
in the right-handed set cf coordinate axea^ which shows the correct 
absolute configuration of the' molecule as C2{S) and Cs(S). 
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Reidstry No. (±)-2a. 130606-15-1; (±)-2a-Ha, 130884-46-7; 
(+).2b, 96J2S-63-0: (+)-2b-HCI. 96125-52-9; (-l->-2b.m»Ie«te, 
96128!92.«: (-)-2b. 110284-22-5; (-)-2b.HCl. »'26-»-6iJrl" 
2b^leate 130979-49.6; (±)-2b. 96481-06-8; 
24-6: (+)-2c, 96126-41-6; <+).2b-«x«late, 96125-42-7; <+)-2d. 
96125^a-8; (+).2a^xalale. 96125^4-9; (+)-2e, 96J25-48-0; 
(+).2e.oxal»te. 9612M6-1: (+)-2f, 96125-47-2; 
961^^3; (db)-2g, 130B84-75-2; (±)-2«.HCl. 130884-47-8; (±)-2h. 
130884-48-9: W-lhHCl. 121628-83-9; (*>-2l, I22p;3*f il+VJl. 
lS^2; (+)-2iH)xalate. 122866-72-2; (-l-Hk, 122682-62.4; 
(+)-21c.fuinarate, 122682-53-6; (±)-21, 120701-21-S: (±).2J.i«d«te, 
12OT01.22.6i (+)-2H.. 131099-95-1; (+)-2«-Ha, 10497M0-4: 
(■^)-2h. 130884-49-0: (+).2Ji<oi8l«t6, 130979-60-9; (+).2o, 96125- 
3lV.(;).2ol.tartrate.96125-87-0; (±V2<». 96W2-B9^i<*>*»-?,^ 
96126-29-0; (+)-2p, 130884-76-3; (+)-2pftjmarate, "OWl-21.4: 
K, W12i2l»i ±)-2«<>««lrte, 96126-31.4; (+).2r. 130884-60-3; 
+>.S^al«te. 130979-51.0; (+).2». 130884-51-4; (+)-2».oxalate, 
130884-52-5; (+V2t, 100893-29* H-St. l<»893^M-8; (-)-2t-«"We. 
moS-96-i (*)-2t. 1<»893.81^. (±^2t.Ha, 1^^^^^ 
B6125-27-8; (■»-).2u-oxalate, 96125-40-5; (+).2v, 13W84-63-8, 
(+)-2v.fiimarate, 130884-54-7; (-).2v, 100893-02* <-)-2'-5??¥?'?* 
131W9-97.3; (i)-2w. 130979-52-1; (*)-2w-Ha 130979-6^2; 
(±)-:^.axatote. 130979-64-3; (±)-2x. 130884-55-8; (±).2x.Ha 
13004^9: (42X. 130884-57-0; {±\-2xHa, 122666^7-1; (±)-2j 
130M4^ ; (*K«-HC1. 122666-59-6: (±).2«a. 130884-59-2; 
(W^a-HC , 122666-64-2; (±)-2bb, 130884-60-6; (±)-2bb.HCl. 
lto^-61-^ (+>2cc. 103921-09-1: W-*' «-HCl. 
(-)^. 103921-10-1: <-).2cc.Ha. »M921;^4j<*>-2«V^^ 
87.3r(*V2oc-Ha. 103920-96-3;<*>-2dd. 100601-02-3; (±)-2dd-HCl, 
lOWOl-offt (*>-2ea. 130884-77-4; (iWea-Ha 13090^47-8; 
(S-2ff 130884-78-6: (±)-2ff-HCI. 121664-36-6; (±).2gg, 

it^4i-i:(±V2in^/^^^^^ 

(i^»h.Vj"»tot«Aw01-28-2;(±>-2ll.l006^^ 
lOOOTl 04-5; (i)-2». 100600-75-7; (±)-2H.Ha 100600-7ft-8: 
(Sk7l6060O-77-9; (±>.2kk.HCl. 100600-78-0; (+>-211, 
liw90:20.4: (+).2ll.HCl. 130979-55-4: Hf". 130790^4-8; 
(-)-211.HCl. 130979-56-5; 3a. 40926-72-2; Sb, 1004.00-8: 3c. 
2M74-98-8; 3d. 14482-33-8; 3e. 33264-82-3; 3f. 1«M93^?-1^ 
-6.W^. 6647-25-2: 3 (X ■» 4.6-Cy . 6647-24-1; (±Mb. 96126;49-4; 
(±HblOM93-13-8: (±)-4c. 130884-62-7; {±).6a. 130884.63^; 
; -5b il42-63-l;H-Bb.96126-564k(±)-5b^l25;^^^ 
130884-64-9; (±).5cl. 122666.79-9; (±).Bo. 100902-58-7: (2S,3S)-5e. 



1009(^-6^3: (2R.34R>-5c. 100902.6O-1; (±)-5f, 1<»492;W.3; 
100492.85-1; (±)-6h. 10i0493.29-6; (±)-5i, 100601-38-6; (*)-SJ. 
100601-39-6; (+>-6k, 180979-57-6; H-5k, 130979-68-7; (±>-&J, 
130884-65-0; (*)-6b, 96126-60-7; (±)-6h, 100601.68-9: {±HJ, 
100601-57-8: (±)-7a. 96142-62-0: (±)-7b. 122666-77-7; (*)-7c, 
103921-06-8; {±)-7d, 100493-33-2; (±)-Te. 130884-66-1; W-te. 
96087-OW): (±)-8b. 103821-05-7: (*)-9a. 130979-64-6; (+)-10a. 
96054-27-2; {-VMOa.methyl l.-(4-hydroxypbenyl)g)y«Bate, 
98064-28-3: H-lOa. 96054-29-4; H-lOa-methyl D-**-^™"^- 
phenyDglydnate. 96064-30-7; (±)-Wa. 96l»-5l;«i W-Wb. 
122666-78-8; (-)-W«. 100902^1-2; (±)-19c. I03921-07-M*»;"«» 
130884-67-2; (+)-12a. 96125-22-3; (■••)- 128-L-lywne, 104966^9; 
(-).12«, 96125-23-4; (-)-l2a-vly8Sne. lSM84-^3; W-^, 
96126-21.2; (±)-18a. 130979^5-6; 14a. 611-07.4; 14b, 603-8^1; 
(2B.3fi)-15a, 100938-16-6: (2S.3S)-16a, 100902-59^ (±>-Ma, 
130605-16-2; (*)-I6a.Ha, 130884-69-4; (+)-l«b. 06125-26.8; 
(+)-l«b<.Kilate. 96l26-2fr-7; (-)-l«b. M»264i7.4; (-)-l»<^ata^ 
96126-68-5: (±).16b. 105487-93-2: (*)-l«^MCl. Ml2WH-p; 
(±)-16c, 13TO79-60-1: ^\^^\i2\J*}-^J^'^Pr. 
96126-35-8; (*)-I6d. 105487-94-3; (*)-»6^HCU »8ij^2.l; 
ih-Uo, m^-<tS^ (±)-16e-HBr. 96125-30.* <+)-16f. Ml^^fc 
(+®un«rMi26-39-2: (+V16«. 131062^3^ t+^-i^SS" 
130979-61-2; (-)-l6j. 100892.«W; H-lS^Cl. 1«X^^ 
t+)-l61», 100893-27-4; (-frMShHClO*. 100893-28-6; W-lBh. 
100893-18-3: {-)-16b«aO«. 131099-98-4; (±)-161i. 10p©3.a4-l; 
(±H«h Mt^te. 130884-70.7: (+)-16f. 130884-71-8; (+)-l«;fo- 
marata. 130979-62-3; (+)-16k. 130979-63-4; (+). Wj-HC!. WMM- 
?i9; (±).16k, 130884-73-0: (±)-16k.HCI, 130884-740; W;^. 
122666-80-2; (+)-16m, 103920-97-4; (+>-16m-Ha04. 103920-88* 
(-)-lfl», 103921-00-2; H-l6m.HC10«. 103921-01-3^*)-Wm. 
1M920-95-2; (±)-lSni.HCl. 103921-04-6; (±)-16i». lOOeOl-W;* 
(±)-lSn.Ma. 100601-06-7; (*)-16o. 100601-07-8; (±H6a.Ha, 
1006O1-O8-9: W-16P, 100600-97-3; (±)-16p-Ha 1006pp-M;4; 
W-16«. 100600-99-6: (±)-l»q.HCa. 100601-00-1; (+Heir. 
llwmW; (-)-16r. 130790-25-9: W-17, llp2M-3«;«: W-W* 
(2-naphlhylsulfonyl>-2-pymiHdtaecarboiiyl chtoide, 91872-^l-fl. 

Sapplementary Material AvaiUblw Tablea ot atouctutal 
data including Table Xlll. giving Hnal atomic cowdinJttWMjd 
equivalent isotropic or iaotopic thermal parameters wlUi eso in 
pSrentbeses. TaW XIV, gWlng bond lengths wth as* « Par- 
entheses. TaWe XV. giving bond angles wiU» esd in parei^wse^ 
and Table XVI. giving resulto of BSJvoet pairs tneasuremerftawKl 
Fiiture 3, giving atonnc nomoodataire (6 pages); Intiog of struetuw 
factors (8 pages). Ordering Information is givsn oa any current 
masthead page. 
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Aseriesof3-(3.a!kyl-t.2,4-oxadiazoI.6-yl)-1.2A6-tetxa)0Nir<yl-methylwnd^^^ 

for^twl mitt^tWc choKnergic receptor bindmg affmity by »«»8.?Hlox"ttemonne-M «^ I^Q^^ 

^d Wun^onal assay «slng%ainea pig ileum. The •««'<>f!«*„^ "2^;«?^f^,t^^^ 

Thr3H*^SlA4^oxXxol-3^)-lA^^^ ""JoP**" ^^^^o^^^i^ft 

SlTt,;] mS&ptors a^were wealc ""^-g^isU m ^^l^^oiti^Srf 
yl).1.2.8.6-tetrehydn>-l-methylpyridines substituted with methyl or hydrogen m the »-«^' ^ ™ 

of the efficacy of th« compounds in the guinea pig ileum assay. 
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